The reproductive dynamics of swordfish (Xiphias gladius) was investigated from catches of the Reunion Island-based longline swordfish fishery between 19-25
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F. Poisson and C. Fauvel: Aquat. Living Resour. 22, 45-58 (2009) IOTC also highlighted that swordfish life history characteristics, like high age-at-maturity, long life and sexual dimorphism, make this species particularly vulnerable to overexploitation (Anonymous 2007) .
Studies on swordfish life-history, and particularly reproduction, are extremely difficult as this species is highly migratory and cannot be held in captivity. Characterization of "spawning regions" (Hoey 1986 ) requires a large number of samples covering an ocean-wide area (Arocha et al. 2007; Ortiz 2000; Mejuto 2006) .
During the last decade, several scientific national and multilateral programs focusing on swordfish fisheries have been undertaken in various countries on the Indian Ocean (Anonymous 2007) . Despite the growing scientific interest for swordfish, data gathered on the life history of this species in the Indian Ocean is scarce and patchy. Most of the studies conducted in limited geographical areas, especially in the western Indian Ocean, and no comprehensive study of swordfish reproduction dynamics has been carried out over the entire Indian Ocean.
The first identification of potential spawning grounds in the Indian Ocean was inferred from a small number of observations of hydrated females (Yabe et al. 1959) , from larvae collection (Lütken 1880, cited in Palko et al. 1981; Bogorov et Rass 1961 , cited in Palko et al. 1981 Gorbunova 1969; Nishikawa and Ueyanagi 1974; Kondritskaya et al. 1970; Nishikawa et al. 1985) , and from the occurrence of swordfish juveniles in the stomach contents of tunas and marlins (Yabe et al. 1959 ). More recently, Mejuto et al. (2006) proposed reproduction areas based on data from gonadal indexes and sex ratios at size.
To clarify the seasonal maturation dynamics and reproductive biology of swordfish (Xiphias gladius) in the vicinity of Reunion Island, we monitored the gonadal development of individuals caught by the domestic longline fishery fleet over 32 consecutive months.
The objectives of the present study were to characterize a new spawning area for swordfish and to better describe its reproductive features in this area through a long term survey. To achieve these objectives, we aimed (1) to link the developmental stages of oocytes described by histology to macroscopic characteristics of gonads, (2) to define the spawning seasonality of swordfish in the vicinity of Reunion Island, (3) to estimate size at first maturity (L 50 ) for females and males, and (4) to review all available information about reproductive biology of swordfish in the Indian and western Pacific Oceans. By then, crossing this information with seasonal catch data, we aimed to establish a hypothesis of reproductive movement patterns and to provide preliminary indications of swordfish movements between spawning grounds and neighboring biological regions.
Materials and methods
Measurements at sea and gonad collection
Scientific observers on board commercial longline fishing vessels sampled swordfish between May 1998 and January 2001 (except in September 1998 , February 1999 , and December 2000 . Swordfish were caught by longlines set at night and retrieved at dawn the following day, at a depth ranging from 60 to 150 m, between 19-25
• S, and 48-54
• E (Fig. 1 ). Before being dressed by fishers, curved lower jaw-to-fork length (LJFL) and eye-to-fork length (EFL) were recorded to the nearest cm, using measuring tape.
A total of 1727 swordfish were sampled of which 1107 were female and 620 male, ranging from 75 to 289 cm and from 79 to 208 cm (LJFL), respectively.
LJFL was used for fish size assessment and L 50 estimate. EFL was only used to establish gonadal index (GI) in order to determine reproductively active females according to Hinton et al. (1997) .
Whole gonads were placed in a plastic bag, labeled with a sample number, stored on ice until arrival at the laboratory, and matched to the corresponding carcass. The data collected for each fish included the date, location of the set, and all other information on the fishing conditions. Two subsamples (2 cm 3 ) were taken from the largest ovary and fixed (1) in buffered Gilson's fluid (Lowerre-Barbieri and Barbieri 1993) for oocyte size distribution study and (2) in 5% formalin for histology.
Fieldwork maturity scales were established for both sexes based on visual examination and confirmed by histology. Seven gonad maturation stages were identified for females and 5 for males following macroscopic characteristics derived from criteria developed by Cayré and Farrugio (1996) for the skipjack tuna (Tables 1 and 2 ). This macroscopic classification was only used for temporal analysis of the relative prevalence of maturity stages, mainly to assess the occurrence of hydrating or hydrated gonads (stage 5) in spawning females.
Laboratory processing
Histology
From the monthly fish samples, 62 ovary samples were processed. Subsamples fixed in formalin were transferred to Bouin-Holland's solution (Gabe 1968) for 48 hours. Oocytes were dehydrated in successive baths of alcohol and embedded in paraffin. They were sectioned transversely to 5 μm and stained with Dominici's method (in Gabe 1968) . Finally, they were examined under a microscope (magnification between 10 and 100).
Oocyte diameter distribution
Gonads were weighed to the nearest 0.1 g when below 400 g and to nearest 5 g when above 400 g. Ovary samples were stored for six months in Gilson's fluid. The medium was changed every month and the vial vigorously shaken to ensure complete penetration and rupture of connective tissues. As Gilson's induces shrinkage of oocytes (Stéquert and Ramcharrun 1995; Mugnier 1996) , we monitored oocyte diameter reduction at a daily interval over 30 days in 3 ovaries with vitellogenic oocytes. Average oocyte shrinkage was calculated separately for batches of oocytes ranging from 0.5 to 1 mm diameter and oocytes larger than 1 mm. Most of the total shrinkage of oocytes fixed in Gilson's fluid occurred within the first four days. The rates of shrinkage at 30 days, after which oocyte diameter was stable, were 20% for oocytes between 0.5 to 1 mm and 10% for the batch of the oocytes larger than 1 mm. These percentages were used as correction factors in the oocyte diameter distribution studies.
Oocytes were first teased out with a pair of needles. Diameters of a subsample of 100-200 oocytes then were measured automatically using an image analysis software package (Visilog 5.1, Noesis) in combination with a microscope equipped with a CCD camera (Sony, type XC77C 2/3) and a Pentium 400 MHz computer equipped with a Matrox-Meteor graphics card.
Ovary developmental stages and measurements of the largest oocyte size mode were determined from 4 females for each reproductive stage.
Gonadal indexes
Females. The reproductive status of females greater than 165 cm (LJFL) (body length at sexual maturity in the Pacific 48 F. Poisson and C. Fauvel: Aquat. Living Resour. 22, 45-58 (2009) Ocean, DeMartini et al. 2000) , was assessed by the gonadal index (GI) after Hinton et al. (1997) :
where GW: gonad weight (g)
Males. The gonadal index (GI) was calculated as:
where EFL: eye-to-fork length (cm).
Size at first maturity (L 50 )
Size at first maturity was estimated using swordfish of both sexes caught during the spawning season described in the present study, 553 females and 282 males.
For both sexes, the length at which 50% of all individuals were sexually mature (L 50 ) was estimated from the percentage of reproductively active individuals in each 5-cm length class. The relation between the size and maturity was fitted by a non linear estimation, using the least squares estimation procedure. The maturity-length relationship describes a two logistic curve as follows:
where P n is the proportion of mature individuals within the size class n (body length, LJFL), the parameters a and b were to be estimated. • square from 1994 to 2003. Circle sizes are proportional to catches. The coloured fraction of the circles corresponds to the quarterly catch in waters where temperature > 24
• C (temperature limit for spawning), whereas the uncoloured circles correspond to catches made in waters colder than 24
• C (sources: The Indian Ocean Tuna Commission-IOTC, South Pacific Commission-SPC, and NODC (Levitus) World Ocean Atlas 1994, regarding temperatures).
Females were considered to be reproductively active when GI was higher or then equal to the threshold 1.375 proposed by Hinton et al. (1997) . Males were considered reproductively active when they emitted milt under moderate pressure on the testes (stages 3-4).
Sex ratio at size
Sex ratios (females/total) were established for the 5-cm length classes within the population, and correlation and best fitting (polynomial) regression were found using Microsoft Excel software. In the Atlantic, sex ratio at size patterns have been used to characterize spawning, feeding and transition regions in the North Atlantic swordfish stock, as described by Hoey (1986) ; Arocha et al. (1994) ; Mejuto et al. (1998) and Ortiz (2000) .
Fish distribution in the Indian Ocean
In order to explore possible movement patterns and potential high concentrations of reproducing swordfish, the seasonal (quarterly) mean catch of swordfish per 5
• square, between 1994 and 2003 was obtained from international databases of Indian Ocean Tuna Commission (IOTC) and South Pacific Commission (SPC). These catches were represented on a map of the whole Indian Ocean (Fig. 2) , according to sea surface temperature (SST) from the World Ocean Atlas 1994, data provided by the NOAA-CIRES Climate Diagnostics Center, Boulder, Colorado, USA, from their Web site at http://www. cdc.noaa.gov/.
In addition, to give an updated picture of swordfish reproductive dynamics, we reviewed all available key information (gonad analyses and larvae occurrence) pertaining to the spatial distribution of putative reproductive areas in Indian and west Pacific Oceans, and collated this on another map, adding the major ocean currents.
Results
Oocyte diameter distributions
Frequency distributions of oocyte diameter in swordfish ovaries showed maturity stages 3 to 6 (Fig. 3) . At early stages of development, at which vitellogenesis is not triggered (stages 1-2, Fig. 4a ), the texture of the gonad tissue did not allow oocyte dissociation and measurement.
At stage 3, oocyte diameters were normally distributed and ranged from 200 to 500 μm. This stage corresponds to the beginning of vitellogenesis in adult females or young ones developing towards their first maturation.
At stage 4, during full vitellogenesis, the diameters of oocytes at different stages of development ranged from 200 to 800 μm. The juxtaposition of yolked oocytes of different size (Fig. 4b) illustrates the asynchronous character of swordfish vitellogenesis.
At stage 5, the distribution showed a bimodal shape, which clearly differentiates vitellogenic oocytes distributed from 700 50 F. Poisson and C. Fauvel: Aquat. Living Resour. 22, 45-58 (2009) to 900 μm with a negative skew from hydrated oocytes of between 1200 and 1550 μm. Histology showed either migrating nuclei (Fig. 4c) and/or hydrated oocytes, which characterize final maturation and proximity of ovulation and spawning (Fig. 4d) , or occurrence of empty follicles and/or post ovulatory follicles indicating a recent spawning (Fig. 4b) .
At stage 6, the mode was centered on 300 μm. Histologically, the ovaries showed either oocytes undergoing early atresia, featured by zona radiata breakdown or specific signs of late resorption with oocytes surrounded by numerous layers of mesodermic tissue (Fig. 4f) .
Gonadal indexes (GI)
The gonadal indexes for both sexes varied seasonally. For females, GI increased steadily from October to reach a maximum around February /March, then decreased (Fig. 5a ) from April to July, and remained very low during the next 3 months. The mean GI was above the threshold (GI > 1.375) from October to April.
The variations of mean GI for males were synchronized with that observed in females although the amplitude was lower. The mean GI, which did not exceed 0.4, was low during the austral winter months (July to September), then a rapid recrudescence was observed between September and October followed by a 6 month period of high GI (Fig. 5a) .
Gonadal maturation and reproductive activity took place in summer conditions and spawning in particular occurred when temperature was above 24
• C (Figs. 5a,b ).
Size at first maturity (L 50 )
The number of individuals per 5-cm LJFL class ranged from 1 to 31 for females, and from 1 to 27 individuals for males. The smallest spawning female sampled had a length of 127 cm (LJFL) and its gonads weighed 1920 g. The smallest ripe male was 101 cm LJFL and its testes weighed 5 g.
The best fitting regressions of percentage of mature females and mature males on fish LJFL were logistic curves (Fig. 6) The L 50 s were 170.4 ± 2.1 cm for females and 119.9 ± 2.1 cm for males (LJFL ± 95% confidence interval).
Seasonal patterns of fish size distribution
Monthly size frequency distribution by sex showed that sizes fluctuated seasonally with a common pattern for both sexes, although the amplitude of variation was higher in the female population. The largest swordfish were caught in November at the beginning of the reproductive season. For both sexes, significant differences in size were observed between spawning and non-spawning seasons (Fig. 7a) . The lowest mean sizes for both sexes were observed during the resting phase, from May to September.
Sex ratio
The sex ratio over all samples was 1.8:1 (F:M), which significantly differed from the expected 1:1 (χ 2 = 158.86; p < 0.05) (Table 3) . However, the sex ratio within catches varied through the year; female swordfish significantly outnumbered males each month up to three times, except in January, February and October (Fig. 7b) . Sex ratio increased as soon as the SST declined, and also decreased in October just before the SST increased. This high sensitivity of sex ratio to SST may indicate some sex specific movement towards warmer waters where breeding occurs. Finally, sex ratio also varied with fish size. In October, at the beginning of the spawning season, we noticed a sharp decrease of the sex ratio (almost equal to 1) with a concurrent increase in average body length of both sexes. It is likely that the largest females are not caught by longline fishing during the spawning season and were thus absent from the samples.
A strong prevalence of females was observed for fish between 120 and 140 cm LJFL and over 190 cm LJFL while sex ratio was balanced for fish around 1 m long and between 150 and 180 cm LJFL. A polynomial relationship was used to predict the proportion of females according to fish length between 105 and 230 cm LJFL (Fig. 8) .
Spatio-temporal analysis of catches
Swordfish were widely distributed but mainly caught in the western part of the Indian Ocean in waters above 24
• C (Fig. 2) , as is the case in the western Pacific Ocean and also in the Bay of Bengal. This highlights fish abundance and/or high catchability by longliners in these areas. Reproduction was observed by the occurrence of hydrated or late vitellogenic females in the second and the third quarters of the year in the northwestern Indian Ocean and in the first and the fourth quarters in the area surrounding Reunion Island. So reproduction therefore occurred under similar conditions of SST and seasonal light regimes (spring and summer) in northern and southern hemispheres. In contrast, large catches in colder waters took place outside of the reproductive season, for example in the south Mozambique Channel in austral autumn and winter, although these swordfish were not known to be reproductively active. Figure 9 displays the different areas previously characterized as reproductive zones. The information collected in the different zones is reviewed in Table 4 . In the area off Taiwan (area "e"), females with vitellogenic oocytes were observed but no hydrated oocytes were found. In addition, the different areas where larvae were collected are shown on the map. Moreover, the main ocean currents possibly involved drift of fish or larvae are also represented.
Discussion
Gonad maturity
In this study, we inferred the pattern of swordfish reproductive dynamics from a combination of morphological assessment of gonads, gonadal index, oocyte size distribution and histology over 3 consecutive annual reproductive cycles. With reference to assessment of female reproductive activity by Hinton et al. (1997) , swordfish in the vicinity of Reunion Island would be sexually active from October to April (GI > 1.375). However, although DeMartini et al. (2000) predicted reproductive activity of swordfish caught by the Hawaii based fishery with >90% accuracy using the same index, Wang et al. (2003) found ripening females, based on histological observation, with a GI below 1.375 and concluded that Hinton et al.'s threshold was not completely suitable for swordfish in Taiwanese waters. In the current work, regressed or resorbing females showed high gonadal indexes, nevertheless, the regressing females may have spawned recently. Histological study, which is the most accurate method for classifying fish maturity (West 1990; DeMartini 2000; Young et al. 2003) , confirmed that recently spent females with high GI may exhibit post ovulatory follicles together with oocytes with zona radiata breakdown. In such conditions, although not precise, the threshold proposed by Hinton was acceptable to define the limits of spawning season in the studied area. The synchronization of GI variations between males and females on the geographic zone indicates that conditions for breeding are met.
The study of oocyte diameter distribution and the occurrence of post ovulatory follicles concomitant with maturational oocytes with migrating nuclei or hydration confirmed that females are multiple spawners with asynchronous oocyte development, as observed by Arocha (2002) .
Sex ratio and fish size
In the vicinity of Reunion Island, the sex ratio was almost balanced during austral summer and autumn whereas females outnumbered males during the rest of the year.
Such a pattern was also underlined by Young et al. (2003) off eastern Australia. In the western North Atlantic, off the Florida coast and off Cuba, Guitard Manday (1964) and Taylor and Murphy (1992) noticed that males outnumbered females during spawning season. Rapid sex ratio shift could provide an accurate proxy for determining reproductive activity, as noted by Ortiz et al. (2000) for North Atlantic swordfish.
Swordfish ageing studies showed differential sex dependant growth patterns in the Atlantic Ocean, (Berkeley and Houde 1983; Ehrhardt 1992; Esteves et al. 1995; Ehrhardt et al. 1996) ; the Pacific Ocean (Sun et al. 2002) ; Mediterranean Sea (Tsimenides and Tserpes 1989; Megalofonou et al. 1995; Tserpes and Tsimenides 1995) , as well as in Indian Ocean (Vanpouille et al. 2001) . Swordfish females grow faster and achieve larger size than males (DeMartini et al. 2007 ). As males probably mature earlier, energy would be directed to reproductive activity rather than growth (Ehrhardt 1999; DeMartini et al. 2000) .
Sex ratio and body length variations noticed off Reunion Island suggest that larger individuals of both sexes reach this area when the reproduction starts.
We hypothesize that large individuals could come from south of Madagascar and South African cold and energy-rich waters that could be identified as a "Feeding region". As with other billfishes, the migration patterns of swordfish involve seasonal movement into temperate or cold waters for feeding and a return to subtropical waters for over-wintering and spawning (Nakamura 1986; Takahashi et al. 2003) .
However, at the Equator, in the Seychellese waters, Wendling et al. (2002) reported that the average size of swordfish was smaller than in subtropical waters and that the largest sizes of swordfish were recorded between May and August, corresponding to the non-spawning period off Reunion Island. They also showed that males predominated significantly almost all year round. Opposing trends and seasonal variations in sex ratio and size of captured fish between the Seychelles and Reunion Island may suggest a synchronized movement related to spawning.
Spawning begins in early October. Older, larger individuals may mature before younger, smaller fish and could be the first to arrive and start spawning. As the spawning season progresses, swordfish caught later in the season are younger, smaller component of the population. Stanley (2006) , despite a low tag recapture return rate, showed that main movements for swordfish off eastern and western Australian coast were latitudinal and not longitudinal. Large fish, especially females, have a high physiological tolerance for cold water temperatures (Palko et al. 1981; Hoey 1991) , and are dominant in higher latitudes (Sakagawa 1989) . These large fish could migrate towards spawning grounds and then move back to and gain condition in highly productive areas afterwards (Arocha 2007) .
As tagging data in other oceans indicate that swordfish are capable of large-scale movements at the oceanic scale (Holts et al. 1994; Caddy 1976; Takahashi et al. 2003) , we presumed that males could only move south from equator to the warm subtropical waters during summer. Predominance of males at the equator and low tolerance to cold temperature has been reported by Beckett (1974) and by Young et al. (2003) .
Besides the movements of fractions of the swordfish population off Reunion Island, the domestic fleet continued catching swordfish using the same fishing techniques and strategy, during winters, especially on the seamounts located to the west and south of the island. Thus, Carey and Robinson (1981) and Sedbery and Loefer (2001) , mentioned the existence of localized sub-populations associated with the regional environment features. Only a large scale sampling program with a sufficient number of recaptures could provide information of sufficient quality on migration and homing patterns.
Size-at-maturity
The estimated length-at-maturity for females from our samples was comparable to those estimated based on histological analysis in the Pacific Ocean on Eastern coast of Australia (Young et al. 2000) and in the waters of Taiwan (Wang et al. 2003) . The size-at-maturity for swordfish was studied worldwide except in the Indian Ocean. Differences between the sizeat-maturity estimates have obviously to be linked to the stock units (Arocha 2007 ) but may also be methodological. Yabe et al. (1959) estimates were based on macroscopic observation of the gonads combined with a length-ovary weight relationship. Some authors used gonadal indexes, which were not particularly sensitive to reproductive state. However, DeMartini (2000) predicted using histological analysis that L 50 was lower than our result. In this case, differences may be due to the latitude ranges (and different environmental conditions between the two oceans) covered by the study, different stock units, or limited spatial sampling of the reproductive population in the Indian Ocean. De Metrio et al. (1995) ; De la Serna et al. (1995) predicted the smallest estimates of L 50 for female swordfish in the Mediterranean sea. As expected from previous work by Uchiyama et al. 1998 and Wang et al. (2001) , male swordfish in the area off Reunion Island matured at a much shorter length than females. 
Spawning areas
We found that the reproductive period off Reunion Island (between 19-25
• S and 48-54
• E) started in October when sea surface temperatures (SST) were above 24
• C, suitable conditions for larvae to survive (Govoni et al. 2003) . The values of sex ratio at size in the area showed clearly a 'spoon shape' pattern which is characteristic of spawning areas, according to Mejuto et al. (1998) . Our results agreed with those of Young et al. (2002) , who also identified 7-month spawning season: at higher latitudes but starting earlier, from September to March, on the eastern coast of Australia, between 20 and 35
• S. These results are consistent with the literature; swordfish are known to spawn in tropical and subtropical areas located in the western parts of oceans, in localized areas relatively close to coastal waters (Taylor and Murphy 1992; Arocha and Lee 1995) , and in spring and summer at higher latitude, when SST exceeds 24
• C (Ward and Elscot 2000; Arocha 2007 ). In the southern hemisphere, high catches during the first and fourth quarter of the year around Reunion Island, and during the first 56 F. Poisson and C. Fauvel: Aquat. Living Resour. 22, 45-58 (2009) quarter on the east coast of Australia are close agreement with previous findings.
In the northern hemisphere part of the Pacific Ocean, Wang et al. (2003) found mature females in the vicinity of Taiwan. Their study indicated that swordfish do not spawn in Taiwanese waters, but more likely in the southern waters of the subtropical convergence zone in the North Pacific: a scenario earlier suggested by Yabe et al. (1959) . Mejuto et al. (2006) reported high values of gonadal index between 10
• N and 5
• S / 40
• E and 55
• E, with reports from scientific observers indicating that all the females > 150 cm LJFL had hydrated eggs in their ovaries suggesting that this area could be a potential spawning area. In these two areas, spawning is likely to occur during the second and the third quarters of the year, at the same time as when the main catches are recorded.
In the Indian Ocean, more investigations are needed in the northern hemisphere and at the equator to define spawning areas but also spawning peaks. The equatorial belt is a probable spawning area but not one of intense reproduction.
There were substantial swordfish catches in the Bay of Bengal, but outside of the spawning season generally observed in north hemisphere. Nevertheless, this semi-enclosed area could exhibit specific oceanographic features compatible with swordfish reproduction requirements. Yabe et al. (1959) collected matured ovaries in April in the area between the equator and the Bay of Bengal and suggested that the spawning season would occur after April. Yabe et al. (1959) also reported the occurrence near the equator of spawning individuals in April and juveniles in August, November and December. Larvae were also collected off the east coast of Madagascar (Lütken 1880 in Palko et al. 1981 and Gorbunova 1969) and in the Mozambique Channel at the end of January (Kondritskaya 1970) . Nishikawa et al. (1985) reported highest concentrations of swordfish larvae in the northeast of the Indian Ocean (offshore the northwestern Australian coast and in the southeast of Java) (Fig. 9) . The occurrence of swordfish larvae was reported by Bogorov and Rass (1961, cited in Palko et al. 1981) to the southeast of Sumatra, more specifically between 12-17
• S, corresponding to the south equatorial current, and between 85-87
• E and 5-17
• S. While it could be assumed from this data that the areas where larvae were collected correspond more or less to the spawning location, according to Govoni et al. (2000) , it is sometimes difficult to draw conclusions about spawning areas as "large and presumably older larvae in any location may be the result either of local spawning and subsequent retention or of transport from distant spawning locale". According to our findings about possible movements of large individuals, we assumed that the southern part of the Mozambique Channel and Madagascar, and the southern part of Australia could be identified as two "feeding regions" for swordfish. Mimira (1962) suggested that the southern part of Australia, located in the West Wind Drift, was a feeding area for the southern bluefin tuna. Between these two "feeding regions", we suggest that the central Indian Ocean could be a "transition region".
Conclusion
Information on the life history of swordfish in the Indian Ocean is scarce and patchy. Our different measurement approaches, comprising swordfish size, sex and gonads, carried out using commercial fleet catches from Reunion Island during a three year survey, showed that the species meets suitable conditions for reproduction in this area.
As a spawning ground, the Reunion Island area is characterized by a differential abundance/catchability of swordfish by sex throughout the year that provides some preliminary indications of synchronized movements of swordfish between spawning grounds and neighboring regions.
A 7-month spawning period was observed, closely linked to SST, during which the females lay successive batches of eggs at a non evaluated frequency.
Complementary investigations are needed to gain an ocean-wide understanding, the location and timing of spawning along the associated migration patterns. Ichthyoplankton surveys should be used to define spawning grounds, spawning seasons and spawning peaks. As swordfish recapture rates are likely to be very low, the pop-up satellite-transmitting archival tag (PSTAT) should be appropriate to get valuable information on swordfish movement in the Indian Ocean. Knowledge of spatial distribution of larvae and migration pattern of the spawning stock are key issues for the regulation of this fishery.
